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(57) Abstract: The invention relates to an injector device for delivery of liquid from a high 
pressure source, and also to a method of performing such an injection. The device comprises 
a storage chamber (6), for the liquid or the liquid precursor components, comprising a storage 
barrel (16) with at least a section of substantially constant cross -section, defining a storage 
chamber axis, and a pressure chamber (4) comprising a pressure barrel (10) of substantially 
constant cross-section, defining a pressure chamber axis, for accommodation of at least one 
piston therein and having a front end opening (14) for ejection of the liquid. The pressure 
chamber being of sufficient strength to sustain the liquid pressure. The chambers are separate 
parts and adapted to cooperate with each other during injection so that the pressure chamber 
axis and the storage chamber axis substantially coincide, and that the pressure barrel and stor- 
age barrel have internal diameters sufficiently similar to allow passage of a resilient piston from 
the storage barrel to the pressure barrel in a sealing manner. The liquid is transferred from the 
storage chamber directly into the delivery chamber when the jet injection is to be performed. 
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Title 

Medical device. 



Field of the invention 
5 Hie present invention relates to an injector device, a pressure chamber and a 
method to perform the injection, according to the preambles of the independent 
claims. 



Background of the invention 

10 The principles of the present invention can be used in connection with any 
injector requiring high level pressurization of the fluid to be injected. High 
pressures may be needed for expelling high viscosity product, such as products 
in oil, gelled, paste, amorphous or suspension form, e.g. for dental purposes or 
to form slow release deposits in the body. Another major injector type requiring 

15 high pressure is jet injectors for needle-less skin penetration of a pressurized 

liquid to be further discussed below. Although for convenience the invention will 
be described in terms of such jet injection, the invention shall not be regarded as 
restricted thereto but shall be understood to embrace other high pressure 
applications as well. 

20 

Jet injection apparatuses for hypodermic jet injection of medical liquids through 
the skin surface or the mucous membrane of either humans or animals under 
sufficiently high pressure to force the liquids to a predetennined depth within 
the tissue beneath the skin surface are known in the art since many years. 

25 

A multi-shot injector instrument employing the jet injection principle is known 
from US-2,82 1,981. In this known instrument the fluid to be injected is charged 
into a distal pressure chamber, an ampoule, from a proximal fluid medicine 
chamber, e.g. in the form of a conventional syringe. One mechanism is used to 
30 transfer the fluid from the fluid chamber into the pressure chamber and another 
mechanism is then used to perform the injection. Non return valves are provided 
in the transfer bore to ensure that no back flow occurs. The mechanically rather 
complicated structure of the injector instrument makes it rather expensive to 
manufacture. Another drawback with this type of complicated mechanical 
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instruments is the difficulty to assemble the device in a sterile environment. It is 
sometimes today a demand to make parts non-reusable (disposable) that might 
be contaminated during injection. This demand is very difficult to fulfil for a 
device of the type disclosed in US-2,82 1,981, or generally for mechanically 
complicated devices of this kind, due to the large number of different parts 
making up the device. 

US-3, 138,257 discloses an injector device similar to the one of US-2,82 1,981. 

US-4,447,225 discloses a multi-dose jet injector adapted to receive a 
medicament bottle or vial from which the medicament liquid is transferred into a 
transfer chamber. The medicament is then pumped through a one-way valve via 
a cannula to a medicament delivery chamber. The medicament is then ready for 
jet injection delivery, which is performed by imparting an ejecting force on the 
medicament liquid and thus expelling it through an orifice of the jet injector. 
One drawback with the jet injector disclosed in US-4,447,225 is that it is 
structurally complicated, e.g. the two step transfer of the medicament liquid 
prior injection, and thus expensive to manufacture. 

WO-92/01485 discloses a two-compartment syringe with a barrel, made e.g. 
from plastic, comprising a distal and a proximal section. An insert made from a 
material, e.g. glass, which is compatible with the solvent, or liquid medicament, 
is inserted, into the proximal section of the barrel. The solvent is transferred into 
the distal section, where the liquid solves a lyophilized powder, via a by-pass 
arrangement and the syringe is then ready to be used for an ordinary 
hypodermic needle injection. It should be observed that the syringe disclosed in 
WO-92/01485 is intended for traditional needle injection, i.e. there is no 
indications at all that the distal section could resist a higher pressure needed for 
high pressure injections, e.g. having front sealings and arrangements unable to 
sustain high pressures. The design is purely adapted for a lyophilisation step to 
take place in the front compartment. 

US-2,59 1,046 discloses a hypodermic syringe assembly with two chambers 
separated by a by-pass section. The liquid medicine is transferred into a distal 
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chamber via the by-pass section. There are no separate chambers able to provide 
different properties, e.g. resistance against high pressures. 

Liquid medicaments intended for injection are ordinarily stored in glass 
containers prior loaded into a syringe for injection. A rubber seal then seals the 
glass container. Thus, the liquid medicament is only in direct contact with glass 
and rubber. The major reason for not using plastic materials as material for 
medical storage containers is that the plastic material does not provide an 
entirely closed sealing with regard to oxygen moving into or components out 
from the container. Also components from the manufacture might be deposed in 
the plastic material that can affect liquid stored in the container. Another reason 
is that plastic material may give off trace amounts of components that are 
unacceptable in injectable preparations. The above mentioned drawbacks 
regarding plastic material used for medical storage containers are valid only 
when using plastic containers for normal medical storage times, e.g. up to 2 
years. When using plastic materials in e.g. syringes etc. where the liquid 
medicine only contacts the plastic material when the injection is to be performed 
the above mention drawbacks can not be identified. 

In jet injectors using glass containers, the class container must resist the high 
pressure used to expel the liquid from the container. The glass container is then 
preferably manufactured from hardened glass, which renders it expensive. On 
the contrary, plastic materials can easily provide the necessary properties for a 
pressure chamber, such as strength and resilience with low shattering risks. 
Glass materials for storage chambers and plastic materials for pressure 
chambers are also suitable for disposable single-use components. 

The object of the present invention is to achieve an easy to use injector device 
that is less expensive to manufacture than those known from the prior art. 
Another object of the present invention is to achieve a device not having the 
above-mentioned drawbacks regarding the sterile han dlin g of parts of the device. 
A further object is to offer an injector device suitable to be pre-filled with medical 
and allowing storage over extended periods of time before injection and wherein 
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all surfaces of the device and its parts being or coming into contact with the 

medical can be kept sterile during manufacture, storage and use. 

Still another object of the present invention is to achieve a device provided with 

sterile parts that inherently cannot be reused in order to prevent unauthorized 

sterilization and reselling of already used devices that might be dangerous to 

patients. 

Summary of the invention 

The above-mentioned object is achieved by an injector device, a pressure 

chamber and a method of performing the injection, according to the 

characterizing portions of the independent claims. 

Preferred embodiments are set forth in the dependent claims. 

An easy to use injector device is thus achieved having few movable parts and 

being easy to manufacture. The injector can be used for any high pressure 

injector application, can be pre-filled with medical and stored without 

deterioration of the medical and can be manufactured, stored and used under 

sterile conditions. The device is also suitable for use as a disposable. 

Short description of the appended drawings 

Figures 1A-1E show a schematic illustration of the injection procedure 

performed by the injector device according to the invention. 

Figure 2 shows a cross-sectional view along the line A-A in figure 3. 

Figure 3 shows a schematic illustration of a pressure chamber according to the 

invention. 

Figures 4A-4D show a schematic illustration of the injection procedure 
performed by the injector device according to a second preferred embodiment of 
the invention. 

Figure 5 shows a schematic illustration of the pressure chamber according to an 
alternative embodiment of the invention. 

Figure 6A-6B show a schematic illustration of an alternative embodiment in 
which an assembly of pressure chamber and storage chamber is movably 
arranged with respect to a housing part containing an injection mechanism. 
Figures 7A and 7B illustrate schematically a plunger arrangement modification 
for the purpose of reducing the total elasticity in the system. 
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Detailed description of preferred p /mhorHm ents of the invention 
With references to the accompanying drawings the invention will know be 
described in greater detail. Figures 1A-1E shows a schematic illustration of the 
injection procedure performed by the injector device according to the invention. 
The injector device comprises a housing 2 where a pressure chamber 4, a 
storage chamber 6 and a pressurizing mechanism 8 are arranged. 

The pressure chamber, separately shown in figure 3, comprises a pressure 
barrel 10 of substantially constant cross-section, defining a pressure chamber 
axis 12, for accommodation of at least one piston therein and having a front end 
opening 14 for ejection of the liquid. The pressure chamber being of sufficient 
strength to sustain the liquid pressure during the injection procedure. The 
pressure barrel is provided with an open rear end 26 (in figure 3). 
The pressure chamber is sterilized prior to assembly and is empty or filled with 
air or a gas. It is preferably disposable but might also be reusable. 
The inner diameter of the front-end opening is 0,1-0,6 mm, preferably in the 
order of 0,15 mm. As said, the opening may be adapted either for needle-free jet 
injection, as schematically illustrated in the Figures, or needle injection, in 
which case the front opening may have an attachment or connector for a needle. 
As also known per se a short needle in the range of about 1 to 3 mm can be used 
to penetrate the outermost part of the skin and thereby reduce the jet speed 
necessary to reach target depth in the tissue. 

The storage chamber 6, for storing the liquid or the liquid precursor 
components, comprises a storage barrel 16 with at least a section of 
substantially constant cross- section, defining a storage chamber axis 18, for 
accommodation of at least one piston 20, 22 therein. A by-pass section is 
optionally arranged therein (not shown in the figure). The storage barrel is 
provided with an open front end and preferably an open rear end. Most 
preferably the storage chamber has a substantially constant cross-section from 
front end to rear end to give the generally cylindrical shape shown. The inner 
cross-section area of the storage barrel should be adapted to the inner cross- 
section area of the pressure barrel so as to allow passage of a sealing piston from 
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the storage barrel to the pressure barrel, e.g. by the storage barrel being smaller 
and preferably equal to the pressure barrel and preferably the cross-section 
areas and shapes are substantially similar. A front sealing piston (22) is 
arranged in the open front end and another rear sealing piston (20) is arranged 
in the rear end of the storage barrel. 

A liquid connection 24 is arranged between the pressure chamber and the 
storage chamber allowing transfer of the liquid from the storage chamber to the 
pressure chamber. In the figure the liquid connection is a conventional by-pass 
section in the pressure chamber. Figure 2 shows a cross-sectional view along the 
line A-A in figure 3 (that schematically shows the pressure chamber) illustrating 
a preferred embodiment of the by-pass section. 

The illustrated by-pass section comprises one or many traces, by-pass channels, 
on the inner surface of the by-pass section of the pressure chamber. The by- 
pass channels can be parallel to the longitudinal direction of the delivery 
chamber, e.g. as described in US 5501673. They could also being arranged in an 
angle to the longitudinal direction, e.g. as described in US 5716338. The number 
of channels is chosen in dependence of the amount of liquid to be transferred, 
preferably in the order of 1-15. The by-pass section may be arranged in many 
different ways. It may be arranged at the inner surface of the pressure chamber 
as illustrated in the figures. It may also be arranged at the inner surface of the 
upper part of the storage chamber giving an equivalent by-pass function. Many 
further different ways to arrange the by-pass section are known from the prior 
art. 

It is important that not too many channels are arranged due to the volume of 
liquid that remains in the channels when the liquid is transferred. It is also 
suitable to reduce the dead volume held between any circumferential ridges on 
the pistons by keeping the difference small between the diameter through the 
ridges and through the main body of the piston respectively. 

According to an alternative embodiment is the shape of the inner surface of the 
by pass section such that the piston is deformed when passing the section and 
thereby allows liquid to pass from the storage chamber into the pressure 
chamber e.g. as described in US 5472422 and US 5817055. 
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The storage chamber is separate from the pressure chamber and preferably 
made from different material. According to a preferred embodiment is the storage 
chamber made from glass, e.g. Type I glass, and the pressure chamber made 
from plastic, e.g. polycarbonate. The chambers are assembled together by 
inserting the storage chamber into the pressure chamber. A sealing 30, 
preferably an O-ring, is arranged between the chambers in order to achieve a 
fluid-tight connection to the pressure barrel to avoid backflow and to maintain 
sterility. Also the front opening can have a temporary seal to maintain the 
pressure chamber sealed and sterile, e.g. a seed in the form of a closure or a 
rupturable or removable membrane. Assembling the chambers is performed in a 
sterile environment, e.g. as an additional step on the production line where the 
storage chamber is filled with liquid medicine. When assembled, the pressure 
chamber axis and the storage chamber axis substantially coincide. 

The assembly is then arranged in the housing 2 provided with the mechanism 8 
when the injection is to be given. This does not have to be made in a sterile 
environment. The assembly of the pressure chamber and the storage chamber is 
preferably disposed after use but the housing and the pressurizing mechanism 
might be used many times. 

The pressure barrel and storage barrel have internal diameters sufficiently 
similar to allow passage of a resilient piston from the storage barrel to the 
pressure barrel in a sealing manner, except when in the optional by-pass or the 
liquid connection section.The pressurizing mechanism arranged to apply force 
(indicated by an arrow in the figures), directly or indirectly, on the piston, via 
plunger 28, when in the pressure barrel to create said liquid pressure necessary 
for injection. Hie mechanism is only schematically indicated in the figures and 
may be e.g. spring loaded as disclosed in US-4,447,225. According to another 
principle is the injecting force generated by gas under pressure. These two 
principles are well known in the art. The pressure inside the pressure chamber 
during injection is in the order of 4000 psi (Pounds per square inch). 

The pistons of the storage chamber are used, not only to seal the storage 
chamber, but also when transferring the liquid into the pressure chamber. 
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The different steps performed during an injection procedure will now be 
described with references to figures 1A-1E. 

5 The different steps performed is basically a three step procedure comprising a 
transfer step where the liquid is transferred from the storage chamber into the 
pressure chamber, a step for removing air from the pressure chamber and an 
injection step. The liquid transfer and the de-aeration steps are preferably 
performed fairly slowly and under low pressure, not to induce glass breakage, 

10 plunger overshooting in the by-pass, liquid foaming or liquid spraying through 
the opening. Only the injection step has to be performed under high pressure. 
The simple design of the device according to the invention allows all steps to be 
performed by a forward movement of the support 28, as illustrated in the 
Figures, although the speed and force requirements may vary. As will be further 

15 commented on below, it is also possible to use different mechanisms for the 
different steps, each adapted for its purpose. 

During the transfer step the rear piston of the storage chamber is forced by the 
pressurizing mechanism in an upward direction (figure 1A). Due to the pressure 

2 0 from the rear piston 20 the liquid forces the front piston 22 into the by-pass 
section where liquid by-pass the front piston 22 into the pressure chamber 
(figure IB). This first step is ended when all liquid is transferred into the 
pressure chamber, i.e. the pistons 20,22 are in close contact to each other. The 
surfaces of the pistons facing each other preferably have such a shape that when 

2 5 they are in contact with each other no liquid remains between the pistons. They 
preferably have flat surfaces engaging each in order not to be resilient when 
under pressure. This can be obtained by designing the surfaces with slightly 
convex shape under unstressed conditions, to become flat under radial 
compression, as described in US 5743890. 

30 

The pressure on the rear piston, during the transfer step, is illustrated in the 
figure as a force generated by the pressurizing mechanism. This illustrates only 
the relative pressure/movement between the plunger 28 and the piston. 
According to another and preferred embodiment is the pressure during the 
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transfer step achieved by instead moving the pressure chamber and storage 
chamber assembly on one hand and the plunger 28 and mechanism 8 assembly 
on the other hand relatively towards each other, under which operation the 
plunger 28 and mechanism 8 preferably are kept mutually stationary. This can 
5 be done by arranging the respective assemblies in different housing parts, which 
parts are movable in relation to each otherplunger e.g. by a relative rotate 
screwing movement of the two parts of the housing, e.g. as described in US 
4968299, which will secure a calm and cautious liquid transfer. The liquid is 
forced into the pressure chamber from the storage chamber and no non-return 

10 valves are needed. Preferably also de-aeration is performed during such a 

relative movement between the parts. This arrangement also has the advantage 
of reducing the requirements on the mechanism 8, which can now be designed 
only for the injection step, e.g. by comprising a strong gas spring or mechanical 
spring and a trigger mechanism for its release. Such mechanisms are well 

1 5 known in the jet injection art as exemplified by the prior art cited. 

During the air removing step both pistons are forced into the by-pass section 
and further into the pressure chamber (figure 1C). How far the pistons are 
inserted into the pressure chamber is dependent of the volume of liquid 

2 0 transferred into the chamber. It is important that there is no air in the pressure 
chamber when the injection is performed. The pistons provide a tight sealing of 
the pressure chamber. Figure ID illustrates the situation when the air removing 
step is concluded i.e. no air is left in the pressure chamber. Moving the pistons 
during this step may either be performed by moving the housing or a part of the 

25 housing against the plunger 28, i.e. in the same way as in the transfer step, or 
by activating the mechanism 8. 

Both during the transfer step and during the air removing step the device is 
preferably held in a somewhat upright position, i.e. the front end opening of the 
30 pressure chamber above horizontal, aslant or substantially facing upwards, in 
order to prevent the liquid to pour out. 

The injector device is now ready for injection (figure ID). The pressurizing 
mechanism 8 engaging the pistons via plunger 28 is activated and a necessary 



WO 01/89614 



PCT/SE01/01146 



10 

force is applied on the pistons in order to propel a liquid jet 30 from the front 
end opening 14 of the pressure chamber (figure IE). The upper end of the 
pressure chamber is held in tight connection against the skin of a patient when 
the injection is performed. 

5 

The distal part of the front piston 22 is preferably adapted to fill out the pressure 
chamber front end when the plunger reaches that end. This is important in 
order to expel as much liquid as possible from the pressure chamber during the 
injection. 

10 

According to an alternative embodiment is the storage chamber divided, by a 
third piston and provided with a by-pass section, into two separate 
compartments whereas the proximal compartment comprises a liquid, e.g. 
water, and the distal compartment comprises a solid component, e.g. a 
1 5 lyophilized powder. The liquid is forced into the distal compartment via the by- 
pass section where a liquid solves the solid component. This is a well-known 
procedure in the art of two compartment syringes. The thus mixed liquid located 
in the distal compartment is then transferred into the pressure chamber in 
exactly the same manner as described above. 

20 

Figures 4A-4D shows a schematic illustration of the injection procedure 
performed by the injector device according to the alternative embodiment of the 
invention. 

25 In figures 4A-4D only the pressure chamber 4 and the storage chamber 6 and 

the pistons and sealing within these chambers are illustrated. The pressure and 
storage chamber assembly is of course arranged within a housing having all 
necessary features to perform an injection in accordance with the embodiments 
disclosed above. 

30 

The pressure chamber 4 comprises a pressure barrel 10 of substantially 
constant cross-section for accommodation of at least one piston therein and 
having a front end opening 14 for ejection of the liquid. The pressure chamber 
being of sufficient strength to sustain the liquid pressure during the injection 
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procedure. The pressure barrel is provided with an open rear end 26 (in figure 
3). 

The pressure chamber is sterilized prior use and is filled with air or a gas. It is 
preferably disposable but might also be reusable. 

The inner diameter of the front-end opening is 0,1-0,6 mm, preferably in the 
order of 0,15 mm. 

The storage chamber 6, for storing the liquid or the liquid precursor 
components, comprises a storage barrel 16 with at least a section of 
substantially constant cross-section for accommodation of a first, or rear, piston 
20, a second, or front, piston 22 and a third, or intermediate, piston 23 therein. 
A by-pass section 25 is arranged therein. 

A liquid connection 24 is arranged between the pressure chamber and the 
storage chamber allowing transfer of the liquid from the storage chamber to the 
pressure chamber. The liquid connection may be a conventional by-pass section 
in the pressure chamber. 

The chambers are assembled together by inserting the storage chamber into the 
pressure chamber. A sealing 30, preferably an O-ring, is arranged between the 
chambers in order to achieve a fluid-tight connection to the pressure barrel. 
Assembling the chambers is performed in a sterile environment, e.g. as an 
additional step on the production line where the storage chamber is filled with 
liquid and a solid component. 

The different steps performed during an injection procedure will know be 
described with references to figures 4A-4D. 

The different steps performed is similar to the three step procedure described in 
connection with figures 1A-1E, i.e. comprising a transfer step where the liquid is 
transferred from the storage chamber into the pressure chamber, a step for 
removing air from the pressure chamber and an injection step. In this 
embodiment a preparing step is added before the transfer step. 
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The storage chamber comprises two compartments separated by a sealing, 
intermediate, piston 23. The lower compartment 31 contains a liquid, e.g. water, 
adapted to solve a solid component 35, e.g. a lyophilized powder, in the upper 
compartment 33. 

During the preparing step (figures 4A, 4B) the first piston 20 is forced (e.g. by 
the pressurizing mechanism or as alternatively described above) in an upward 
direction and forces via the liquid in the lower compartment 3 1 the third piston 
into the by-pass section 25. When the liquid enters the upper compartment 33 
via the by-pass section it dissolves the solid component. When all liquid is 
transferred into the upper compartment 33 and the solid material is solved the 
first and third pistons together continue upward forcing via the liquid the second 
piston 22 into the by-pass section 24 of the pressure chamber. When in that 
position liquid is transferred (transfer step of the procedure) into the pressure 
chamber (figure 4C). 

Figure 4D illustrates the injector device ready for injection in that the second 
piston 22 is forced out from the by-pass section and is in a fluid tight sealing 
against the inner surface of the distal part of the pressure chamber. The exact 
position of the piston within the pressure chamber when the device is ready for 
injection depends of the volume of the liquid transferred into the pressure 
chamber. In that position substantially all air is expelled from the pressure 
chamber through the front end opening 14. 

In the embodiment of Figure 4A to 4D the internal diameter of the pressure 
barrel is slightly larger than the internal diameter of the storage barrel and the 
second piston 22 has a larger diameter upper or front part, adapted to the 
diameter of the pressure chamber, and a smaller lower or rear part, adapted to 
the diameter of the storage barrel, enabling it to seal against both chambers. The 
smaller first piston 20 and third piston 23 can continue their movement into the 
pressure barrel while the second piston provide sealing therein. 

Throughout the description of the present invention the high pressure jet 
generated by the device is arranged to penetrate the skin of a patient. However 
the basic principles of the invention is equally applicable when performing 
needle injection of liquid medicines having high viscosity, e.g. gels. If e.g. a gel is 
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to be injected today by a needle syringe a needle having a comparatively large 
inner diameter must be used which might be very painful. In figure 5 a 
schematic illustration of an alternative embodiment of the pressure chamber 
according to the invention is shown. In this embodiment a hypodermic needle 41 
is attached in connection with the front end opening of the injector device. The 
connection 43 is performed in a robust manner in order to withstand the 
pressure inside the pressure chamber during injection. The needle is preferably 
attached to the pressure chamber during the manufacture of the chamber, e.g. 
during a molding process. The injection procedure is the same as when 
performing a needle less jet injection as described above. By using a pressure 
chamber provided with a needle having a similar inner diameter as the front end 
opening of the pressure chamber a liquid having a high viscosity can be injected 
using a thinner needle than before. This is veiy advantageous in that it is less 
painful for the patient. 

The necessary pressure needed to perform the needle injection according to the 
alternative embodiment is inter alia dependent of the inner diameter of the 
needle and the viscosity of the liquid gel. 

Typical pressures in the pressure chamber are in general above 25 atm (2,5 
MPa), often above 50 atm (5 MPa) or above 100 atm (10 MPa). Normally the 
pressures are below 1000 atm (100 MPa), often below 800 atm (80 MPa) or below 
500 atm (50 MPa). 

Figure 6A-6B show a schematic illustration of an alternative embodiment in 
which an assembly of pressure chamber and storage chamber is movably 
arranged with respect to a housing part containing an injection mechanism. As 
in the other embodiments the pressure chamber 4 and the storage chamber 6 
forms an aggregate with the storage chamber inserted coaxial and stationary 
into the pressure chamber rear end. In this embodiment the pressure chamber 
rear end is provided with external screw-threads 61. A housing 62 
accommodates the mechanism 8 for propelling the plunger 28 forwards and can 
for example include a spring and a trigger arrangement. The housing 6 1 has 
internal screw-threads corresponding to the external threads 6 1 on the pressure 
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chamber 4. Figure 6 A illustrate the device before any liquid transfer, e.g. as pre- 
filled and delivered to the end user. The user initiates the device by screwing 
together the pressure chamber 4 and the housing 62 while the plunger 28 is idle 
and stationary with respect to the housing. This will cause the rear piston 22 to 
5 move forwards to perform the same preparation phases as described for the 

other embodiments, i.e. displacement of front plunger into the liquid connection 
24, transfer of liquid into the pressure chamber and de-aeration of the pressure 
chamber. The device will now be in the state illustrated in Figure 6B, where the 
mechanism 8 and plunger 28 have their initial positions, and is ready for 
10 injection. Injection may take place by triggering stored energy in the mechanism 
8 to move the plunger 28 forwards under expulsion of the liquid in the pressure 
chamber 4. 

Figures 7 A and 7B illustrate schematically a plunger arrangement modification 

15 for the purpose of reducing the total elasticity in the system during the injection 
step. Figure 7 A is similar to that illustrated in Figure 1, i.e. having a pressure 
chamber 4 and a storage chamber 6, with a liquid connection 24 in between, 
and front 22 and rear 20 pistons adapted for movement in the chambers. In 
Figure 7 A the inner diameters of the pressure chamber and the storage chamber 

20 are substantially similar, meaning that the pistons have about equal radial 

compression when in the storage chamber and when in the pressure chamber, 
which compression certainly shall be sufficient for sealing against the chamber 
inner walls. Accordingly the pistons are supposed to fill out the inner cross 
section areas of the chambers, as illustrated in the cross-sections to the right. 

25 The upper cross-section is a cut through the pressure chamber 4 barrel part 10 
and the front piston 22, when the piston is fully within the barrel and filling out 
the cross-section, except possibly at plunger parts between plunger sealing 
ridges. S imil arly the lower cross-section is a cut through the pressure chamber 4 
at the liquid connection 24 and the rear piston 20, when at this liquid 

30 connection, and the piston 20 fills out the cross-section except in the liquid 

connection channels. It is clear that the pistons are in a position when all liquid 
has been transferred from the storage chamber to the pressure chamber and 
both plungers have been mover a bit further forwards, e.g. for de-aeration and 
ready for injection. When a pressurising mechanism applies force on the rear 
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piston 20, both pistons tend to be deformed since the front piston surface to wall 
friction resists movement and the deformation can be considerable since the 
axial force in turn tend to expand the pistons radially. The effect may be 
exacerbated by the size and the number of pistons, e.g. for dual chamber storage 
5 chambers as illustrated in Figure 4. Elasticity may give rise to ringing and 

vibration in the pressure profile during injection with arbitrary and less reliable 
results. Figure 7B illustrates some modifications to overcome these problems. 
The storage chamber 6 inner diameter is here slightly less than the inner 
diameter, at least in the front part of the storage chamber, of the pressure 

1 0 chamber 4, meaning that the radial pressure is reduced on any piston moving 
from the storage chamber to the pressure chamber. Furthermore the front 
piston 22 is designed to seal when in the storage chamber but not to seal when 
in the pressure chamber whereas the rear piston is designed so as to seal both 
when in the storage chamber and in the pressure chamber. This is illustrated in 

15 the cross-sections to the right. As in Figure 7 A the upper cross-section is a cut 
through the pressure chamber 4 barrel part 10 and the front piston 22, when 
the piston is fully within the barrel, and it can be seen that the piston has been 
given a somewhat triangular shape so as to make point contact 71 with the 
pressure chamber 4 interior wall and leave spaces 72 allowing liquid to pass. In 

20 the lower cross-section a cut through the pressure chamber 4 and the rear 

piston 20 illustrates that this piston fills out the cross-section and seals against 
the pressure chamber interior wall. In the embodiment shown there is no need 
for a liquid connection in the form of a by-pass cut-out in the chamber walls 
since the spaces 72 allow passage of liquid from the storage chamber to the 

2 5 pressure chamber once the front plunger has moved into the pressure chamber 
and accordingly will act as liquid connection. The eliminated or reduced friction 
for the front plunger will reduce the deformations in this plunger during 
injection and accordingly the system overall elasticity. In particular the fact that 
the pressure in the pressure chamber will have access to all sides of the front 

30 piston reduces deformation of this piston. 



Other designs than the one illustrated in Figure 7B can be used for the purposes 
indicated. The minimum requirement is that the front piston surface to wall 
friction is reduced in relation to that required for full and safe sealing in the 
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pressure barrel, e.g. by barely contacting the wall or having a small tolerance in 
between, in which case a by-pass in the barrel wall again may be needed. 
Preferably the design allows for the pressure to equalise around at least the front 
piston axial sides, which may require larger spaces than for friction reduction 
5 only. Most preferably the piston may leave a larger circumferential gap to the 
wall, sufficient to allow the liquid to pass and accordingly act as liquid 
connection although it is preferred to maintain some pressure point contact, e.g. 
point spacers, or axial line contact, e.g. axial or helical ridges, contact with the 
wall in order to avoid tumbling or inadvertent displacement towards the barrel 

10 front, e.g. by having the non-circular cross-section shown or vice versa, i.e. 
having a circular piston in a non-circular barrel or a barrel with interior wall 
ridges. The front piston may have conventional annular ridges although it also 
possible to reduce or eliminate such ridges in order to facilitate the piston non- 
sealing properties upon expansion. Any contact surface is less harmful the less 

15 its axial extension and the more to the rear its location, e.g. even a trailing 

annular ridge or skirt would be acceptable. In contrast, a piston intended to seal 
also after expansion may be given improved properties in this respect e.g. by 
being sufficiently large, deformable or rilled to fill out also the pressure barrel 
after expansion. Any such design adaptation need not be extreme, however, 

2 0 since the later applied plunger pressure will make the piston expand somewhat, 
giving amplified sealing contact. However, the requirement is only that such a 
piston seals in the pressure chamber. This can be obtained also without 
expansion in relation to its sealing position in the storage chamber. For example, 
in the embodiments with equal internal cross-sections for pressure chamber and 

25 storage chamber, the storage chamber front and/ or the pressure chamber rear 
can have a constriction, suitable for sealing by a smaller front piston, whereas 
the requirement on the rear piston is only that it shall be able to pass the 
constriction and then re-expand, which is facilitated if the constriction is 
continuous or smooth, at least at the entrance side to the rear. 

30 

Any means or designs can be used to reach the intended reduction in piston 
deformation. As mentioned the pressure chamber interior cross-section area can 
be larger than the corresponding area in the storage chamber, either with a 
stepwise change as illustrated or a continuous increase, at least over a rear 
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section of the pressure chamber barrel or a front part of the storage chamber. If 
the piston has an enlarged portion outside the storage chamber, as illustrated in 
Figure 4, the area adaptations should be made with respect to the enlarged 
portion. Alternatively or in addition the to the area change a barrel cross-section 
5 area shape change can be utilised to secure that the piston to barrel shape 
changes from a high fit in the storage chamber to a less fit in the pressure 
chamber. 

To reach the objects stated the deformation reduction principles outlined should 
10 be applied to at least one piston but can be applied to more than one piston, e.g. 
to the front and intermediate pistons in the Figure 4 embodiment. In general it is 
possible to have more than one sealing piston in the pressure barrel although 
often sufficient to have one sealing piston, preferably the second from front 
piston to reduce dead volumes. To seal in a reliable and permanent way pistons 
15 are normally made of elastically, rather than plastically, deformable material 

such as rubber. For the purposes outlined it is preferred that the material in the 
pistons additionally is deformable but non-compressible, e.g. by avoiding gas 
vesicles or foamed components. Again, it might be of interest also to reduce the 
dead space present between the common sealing ridges on the pistons or replace 
20 them by other adaptive arrangement such as a soft or compressible skin. 

The present invention is not limited to the above-described preferred 
embodiments. Various alternatives, modifications and equivalents may be used. 
Therefore, the above embodiments should not be taken as limiting the scope of 
25 the invention, which is defined by the appendant claims. 
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Claims 

1. An injector device for delivery of liquid from a high pressure source, the 
5 device comprising 

a) a pressure chamber (4) comprising a pressure barrel (10) of substantially 
constant cross-section, defining a pressure chamber axis (12), for 
accommodation of at least one piston therein and having a front end opening 
(14) for ejection of the liquid, the pressure chamber being of sufficient strength 

10 to sustain the liquid pressure; 

b) a storage chamber (6), for the liquid or the liquid precursor components, 
comprising a storage barrel (16) with at least a section of substantially constant 
cross- section, defining a storage chamber axis (18), for accommodation of at 
least one piston (20,22) therein, optionally with a by-pass section therein; 

15 c) a liquid connection (24) between the pressure chamber and the storage 

chamber allowing transfer of the liquid from the storage chamber to the pressure 
chamber; 

e) at least a first piston arranged for travel in the pressure barrel and 
d) a mechanism (8) arranged to apply force, directly or indirectly, on the piston 
2 0 when in the pressure barrel to create said liquid pressure, characterized 
i n the improvement comprising, 

i) that the pressure chamber axis and the storage chamber axis substantially 
coincide; 

ii) that the pressure barrel and storage barrel have internal diameters 

2 5 sufficiently similar to allow passage of a resilient piston from the storage barrel 
to the pressure barrel in a sealing manner, except when in the optional by-pass 
or the connection, and 

iii) that the storage chamber is separate from the pressure chamber. 

30 2. Injector device according to claim 1, characterized in that the front 
end opening ( 14) is designed for formation of a liquid jet, with a short needle 
having a length of about 1 to 3 mm or a hypodermic needle. 
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3. Injector device according to any of the preceding claims, character 

i z e d in that the front end opening is covered with a removable or breakable 

closure or sealing. 

5 4. Injector device according to any of the preceding claims , characterized 
i n that said pressure barrel is provided with an open rear end and that said 
storage barrel is provided with an open front end. 

5. Injector device according to any of the preceding claims, character 

10 izedin that the liquid connection comprises a by-pass (24), arranged to allow 
liquid passage from the storage chamber to the pressure chamber around the 
front piston (22). 

6. Injector device according to any of the preceding claims , 

15 characterized in that the pressure chamber and storage chamber are 
made from different materials, preferably plastic and glass respectively. 

7. Injector device according to any of the preceding claims, 

characterized in that a sealer is provided between the pressure chamber 
2 0 and the storage chamber. 

8. Injector device according to any of the preceding claims, 
characterized in at least a second piston arranged for movement in the 
storage chamber and able to confine the storage chamber in cooperation with 

25 the first piston. 

9. Injector device according to any of the preceding claims, 
characterized in that said storage chamber is a dual chamber storage 
chamber provided with by-pass section and at least a third piston dividing the 

30 storage chamber into two subchambers. 

10. Injector device according to any of the preceding claims, 
characterized in that the pressure chamber has a larger volume than 
the liquid volume in the storage chamber, after optional mixing. 
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11. Injector device according to any of the preceding claims, 
characterized in that the liquid connection comprises a by-pass 
structure for the piston. 

12. Injector device according to any of the preceding claims, 

characterized in that said mechanism (8) is acting on a rear piston (20). 

13. Injector device according to any of the preceding claims, 
characterized in that said mechanism (8) comprises a mechanical 
spring or pressurized gas. 

14. Injector device according to any of the preceding claims, 

characterized in that said mechanism (8) is also arranged for transfer of 
liquid. 

15. An injector device for delivery of liquid from a high pressure source, the 
device comprising 

a) a pressure chamber (4) comprising a pressure barrel (10) of substantially 
constant cross-section, defining a pressure chamber axis (12), for 
accommodation of at least one piston therein and having a front end opening 
(14) for ejection of the liquid, the pressure chamber being of sufficient strength 
to sustain the liquid pressure; 

b) a storage chaniber (6), for the liquid or the liquid precursor components, 
comprising a storage barrel (16) with at least a section of substantially constant 
cross-section, defining a storage chamber axis (18), for accommodation of at 
least one piston (20,22) therein, optionally with a by-pass section therein; 

c) a liquid connection (24) between the pressure chamber and the storage 
chamber allowing transfer of the liquid from the storage chamber to the pressure 
chamber; 

e) at least a front piston and a rear piston arranged for travel in the pressure 
barrel and storage barrel, 

d) a mechanism (8) arranged to apply force, directly or indirectly, on the piston 
when in the pressure barrel to create said liquid pressure, characterized 
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i n the improvement comprising, 

i) that the pressure chamber axis and the storage chamber axis substantially 
coincide to form a chamber aggregate; 

ii) that the mechanism (8) comprises a plunger (28), arranged axially movable in 
5 at least the forward direction with respect to a device part, forming a reference 

point for the movement, 

iii) that the chamber aggregate is connected axially movable in at least the 
rearward direction with respect to the reference point and 

iv) that the relative positions of the plunger and the chamber aggregate with 
1 0 respect to the reference points allow the chamber aggregate to perform the 

rearward movement with plunger and rear piston in contact while the plunger is 
kept stationary and allow the plunger to perform the forward movement in 
contact with the rear plunger while the chamber aggregate is kept stationary. 

1 5 16. Injector device according to claim 15, characterized in that the 

relative positions are arranged to allow, during the chamber aggregate rearward 
movement, at least the transfer of liquid form the storage chamber to the 
pressure chamber, and optionally a de-aeration of the pressure chamber, and 
allow, during the plunger forward movement, ejection of liquid from the pressure 

2 0 chamber. 

17. Injector device according to claim 15, characterized in that the 
rearward movement of the chamber aggregate is arranged for manual actuation, 
preferably involving a screw- threaded connection. 

25 

18. Injector device according to claim 17, characterized in that the 
forward movement of the plunger is arranged for triggered release of stored 
energy, preferably of compressed gas or compressed mechanical spring. 

19. A pressure chamber to be used for jet injection of a liquid medicine 
30 comprising 

a pressure barrel of substantially constant cross-section, for accommodation of 
at least one piston therein, and having a front end opening for ejection of the 
liquid, the pressure chamber being of sufficient strength to sustain the liquid 
pressure, wherein said pressure barrel is provided with an open rear end 
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adapted to receive a storage chamber, for the liquid or the liquid precursor 
components 

20. Pressure chamber according to claim 13, characterized in that said 
5 chamber is made from plastic. 

21. Pressure chamber according to claim 19 or 20, characterized in that 
it is provided with a liquid connection between the pressure chamber and the 
storage chamber allowing transfer of the liquid from the storage chamber to the 

10 pressure chamber. 

22. Pressure chamber according to claim 21, characterized in that the 
liquid connection comprises a by-pass arrangement on the pressure barrel, 
allowing passage of liquid around the piston. 

15 

23. Pressure chamber according to claim 19 or 22, characterized in an 
area to the rear of the liquid connection adapted for a seal between the pressure 
chamber arid the storage chamber. 

20 24. Injector device or pressure chamber according to any preceding claims, 
characterized in that a hypodermic needle is attached in connection 
with the front end opening to be able to perform a hypodermic injection. 

25. Method of performing an injection of a liquid medicine, the method 
25 comprises the following steps: 

i) assembling a medicine storage chamber, defining a storage chamber axis, 
containing liquid medicine and a pressure chamber, defining a pressure 
chamber axis, to form a chamber assembly so that said axes coincide; 

ii) arranging the chamber assembly in relation with an injection device having 
30 a pressurizing mechanism arranged to generate a force; 

iii) transferring the liquid medicine into the pressure chamber by relative 
movement between the chamber assembly and said pressurizing mechanism, 
and 
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iv) applying the necessary force from said pressurizing mechanism on the 
pressure chamber to perform the injection. 

26. The method of claim 25, characterized in that the relative 

5 movement between the chamber assembly and the pressurizing mechanism is 
performed while the pressurizing mechanism is idle. 

27. The method of claim 26, characterized in that step iv) is performed 
by activation of the pressurizing mechanism while the chamber assembly is kept 

10 stationary with respect to the pressurizing mechanism. 

28. Method of performing an injection by an injector device for delivery of liquid 
from a high pressure source, the method comprising the steps of: 

a) confining the liquid, or the liquid precursor components, in a storage 
1 5 chamber, 

b) transferring the liquid from the storage chamber to a pressure chamber, 
initially containing gas, the pressure chamber having an opening for ejection of 
the liquid, the pressure chamber being of sufficient strength to sustain the liquid 
pressure, and 

2 0 c) pressurizing the pressure chamber to create the liquid pressure, 

characterized in the improvement comprising the steps of 

i) maintaining an initial content of gas in the pressure chamber, 

ii) transferring the liquid from the storage chamber to the pressure chamber to 
displace gas contained therein through the front end opening, and 

25 iii) pressurizing the liquid in the pressure chamber for delivery of liquid through 
the opening while keeping the storage chamber stationary with respect to the 
pressure chamber. 

29. Method according to claim 28, characterized in that the pressure 

3 0 chamber initially being substantially gas filled. 

30. Method according to claim 18 or 19, characterized in that before 
step i), mixing components in storage chamber to create the liquid. 
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31. Method according to any of claims 28-30, characterized in that the 
force in step iii) being higher than in step ii). 

32. Method according to any of claims 28-31, characterized in that the 
5 pressure chamber comprises a pressure barrel of substantially constant cross- 
section for acco mm odation of at least one piston therein and that the 
transferring step comprises the step of passing the liquid past the piston. 

33. Method according to claim 32, characterized in that the storage 
10 chamber comprises a storage barrel of substantially constant cross-section for 

accommodation of at least one piston therein, that the passing step comprises 
the step of moving the liquid by moving a second piston inserted in the storage 
barrel forwards. 

15 34. Method according to claim 33, characterized in that the 

pressurizing step include the step of moving the piston and the second piston 
together forwards in the pressure barrel. 
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